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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Patent 



In re patent application of. KEZUKA ET AL. 
Serial No.: Unassigned 
Filed: May 22, 2001 



Examiner: Unassigned 
Art Unit: Unassigned 



For: ETCHING SOLUTION, ETCHED ARTICLE AND Docket No.: P07223US00/LRP 
METHOD FOR ETCHED ARTICLE 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 

Washington, D.C. 20231 

SIR: 

Prior to examination, please amend the above-identified application as follows: 
IN THE CLAIMS 

A clean version of all amended claim 14 is provided herewith in Attachment A. It 
will be noted that claim 14 has been amended relative to the previously provided 
version submitted with the application shown by the marked up version thereof in 
Attachment B provided herewith. 

REMARKS 

The present Amendment is made to eliminate multiple dependency in the claims. 

Respectfully submitted, 



Date: May 22, 2001 




By: Douglas E. JJackson Jr. 
Registration No.: 28,518 



LARSON & TAYLOR, PLC • 11 99 North Fairfax St. • Suite 900 • Alexandria, VA 22314 • (703) 739-4900 



ATTACHMENT A 

Clean Replacement/New Claims 
Following herewith is a marked up copy of each rewritten claim. 

15. (AMENDED) A method for producing an etched article by etching an article to be 
etched with the etching solution as defined in claim 1 . 
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ATTACHMENT B 

Marked Up Replacement Claims 

Following herewith is a marked up copy of each rewritten claim. 

1 5. (AMENDED) A method for producing an etched article by etching an article to be 
etched with the etching solution as defined in any of claims 114 claim 1 . 
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DESCRIPTION 
ETCHING SOLUTION, ETCHED ARTICLE 
AND METHOD FOR ETCHED ARTICLE 
TECH NI CAL FIELD 
5 The present invention relates to an etching 

solution, a method for producing an etched article and an 
etched article produced by the method, more specifically, 
an etching solution and a method for producing an etched 
article for selectively etching a doped oxide film, 
10 particularly BSG or BPSG relative to an undoped oxide 

film, particularly THOX, and an etched article produced 
by the method. 

BACKGROUND ART 
Conventionally, as etchants for silicon wafers 
15 and the like have been used buffered hydrofluoric acids 

comprising HF (50% by weight) and NH4F (40% by weight) at 

such a ratio that can achieve a desired etch rate. 

However, the buffered hydrofluoric acids etch 
not only doped oxide films such as BSG films, BPSG films, 

20 phosphosilicate glass (PSG) films, arsenic silicate glass 
(AsSG) films and the like, but also undoped oxide films 
such as USG including TEOS (oxide obtained by CVD method 
using tetraethoxysilane gas) films, THOX and the like. 
Therefore, the buffered hydrofluoric acids can not 

25 selectively etch the doped oxide films. 



An object of the present invention is to 
provide an etching solution and an etching method for 
selectively etching oxide films doped with impurities 
relative to TEOS and THOX. 

DISCLOSURE OF TMVF.MTTOM 

The present invention relates to the items 1-16 
listed below. 

Item 1: An etching solution comprising hydrofluoric acid, 
wherein an a ratio of etch rate of a boron silicate glass 
film (BSG) or boron phosphosilicate glass / an etch rate 
of a thermal oxide film (THOX) at 25°C is 10 or higher. 
Item 2: The etching solution according to item 1, 
wherein a solvent in the etching solution has a relative 
dielectric constant of 61 or lower- 
Item 3: The etching solution according to item 1, the 
solution containing at least one member selected from the 
group consisting of an organic acid and an organic 
solvent having a hetero atom. 

Item 4: The etching solution according to item 1, the 
solution containing (i) water and (ii) at least one 
member selected from the group consisting of an organic 
acid and an organic solvent having a hetero atom, the 
water being contained in a concentration of 70% by weight 
or lower. 

Item 5: The etching solution according to item 1, 



wherein the weight ratio of HF : isopropyl alcohol : 
water is 0.1-50% by weight : 30-99% by weight : 0-70% by 
weight. 

Item 6: The etching solution according to item 1, 
5 wherein the weight ratio of HF : acetic acid : water is 
0.1-50% by weight : 30-99.9% by weight : 0-70% by weight 
Item 7: The etching solution according to item 1, 
wherein the weight ratio of HF : tetrahydrofuran : water 
is 0.1-50% by weight : 30-99.9% by weight : 0-70% by 
10 weight. 

Item 8: The etching solution according to item 1, 
wherein the weight ratio of HF : acetone : water is 0.1- 
50% by weight : 30-99.9% by weight : 0-70% by weight. 
Item 9: The etching solution according to item 1, 

15 wherein the weight ratio of HF : methanol : water is 0.1 
50% by weight : 30-99.9% by weight : 0-70% by weight. 
Item 10: The etching solution according to item 1, 
wherein the weight ratio of HF : ethanol : water is 0.1- 
50% by weight : 30-99.9% by weight : 0-70% by weight. 

20 Item 11: The etching solution according to item 1, the 
solution comprising an inorganic acid. 
Item: 12 The etching solution according to item 11, 
wherein the inorganic acid has a pKa value at 25 °C of 2 
or lower. 

25 Item 13: The etching solution according to item 11, 
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wherein the weight ratio of HF : HC1 : water is 0.01-50% 
by weight : 1-36% by weight : 0-99% by weight. 
Item 14: The etching solution according to item 11, 
wherein the weight ratio of HF : HN0 3 : water is 0.01-50% 
5 by weight : 1-70% by weight : 0-99% by weight. 

Item 15: A method for producing an etched article by 
etching an article to be etched with the etching solution 
as defined in any of items 1-14. 

Item 16: An etched article which is obtainable by the 
10 method of item 15. 

According to the etching solution of the 
invention, the ratio of BSG etch rate / THOX etch rate 
and/or the ratio of BPSG etch rate / THOX etch rate at 
25 °C is/are 10 or higher, preferably 20 or higher, more 
15 preferably 50 or higher, particularly 100 or higher. 

In case of using TEOS instead of THOX, the 
ratio of BSG etch rate / TEOS etch rate and/or the ratio 
of BPSG etch rate / TEOS etch rate at 25 °C is/are 5 or 
higher, preferably 10 or higher, more preferably 50 or 
20 higher, particularly 100 or higher. 

The etch rate of the etching solution of the 
invention can be calculated as the difference in 
thickness of a film (BSG; BPSG; THOX; TEOS and like USG, 
etc.) before and after etching divided by etch time. 
25 The water content is not higher than 70% by 
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weight, preferably not higher than 30% by weight, more 
preferably about 30-5% by weight. The relative dielectric 
constant of the etching solution expresses an arithmetic 
mean of the relative dielectric constants of the 
5 components of the etching solutions other than the HF and 
inorganic acid. 

Preferable examples of the inorganic acid 
include inorganic acids having a pKa value at 25 °C of 2 
or lower, for example, hydrochloric acid (pKa =-8), 

10 nitric acid (pKa--1.8), hydrobromic acid (pKa=-9) , 

hydroiodic acid (pKa=-10) and perchloric acid (a pKa- 
unmeasurably strong acid) . 

Examples of the organic acid include acetic 
acid (relative dielectric constant: 6,15 (20°C)), 

15 propionic acid (relative dielectric constant: 3.4 (40°C) ) , 
butyric acid (relative dielectric constant: 2,97 (20°C)), 
isobutyric acid (relative dielectric constant: 
2.73 (40°C)), valeric acid, caproic acid (relative 
dielectric constant: 2.63(71°C)), caprylic acid (relative 

20 dielectric constant: 2.45 (20°C) ) , monochloroacetic acid 

(relative dielectric constant: 21 (20°C)), dichloroacetic 
acid (relative dielectric constant: 8.08(20°C)), 
trichloroacetic acid (relative dielectric constant: 4.6 
(60°C)), monof luoroacetic acid, dif luoroacetic acid, 

25 trif luoroacetic acid, a-chlorobutyric acid, 0- 



chlorobutyric acid, y-chlorobutyric acid, lactic acid 
(relative dielectric constant: 22(70°C)), glycolic acid, 
pyruvic acid, glyoxalic acid, acrylic acid and like 
monocarboxylic acids, methanesulf onic acid, 
toluenesulfonic acid and like sulfonic acids, oxalic acid, 
succinic acid, adipic acid, tartaric acid, citric acid 
and like polycarboxylic acids. 

Examples of the organic solvent having a hetero 
atom include methanol (relative dielectric constant: 32.6 
(25°C) ) , ethanol (relative dielectric constant: 24.6 
(25°C)), isopropanol (IPA, relative dielectric constant: 
19.9 (25°C)), 1-propanol (relative dielectric constant: 
22.2 (25°C)), 1-butanol (relative dielectric constant: 
17.1 (25°C)), 2-butanol (relative dielectric constant: 
15.5 (19°C)), t-butanol (relative dielectric constant: 
11.4 (19°C)), 2-methyl-l-propanol (relative dielectric 
constant: 17.95 (20°C)), 1-pentanol (relative dielectric 
constant: 13.9 (25°C) ) , 1-hexanol (relative dielectric 
constant: 13.3 (25°C)), 1-heptanol, 4-heptanol, 1-octanol 
(relative dielectric constant: 10.34 (20°C) ) , 1- 
nonylalcohol, 1-decanol, 1-dodecanol and like alcohols; 
ethylene glycol (relative dielectric constant: 37.7 
(20°C)), 1, 2-propanediol (relative dielectric constant: 
32.0 (20°C)), 2,3-butanediol, glycerin (relative 
dielectric constant: 42.5 (25°C) ) and like polyols, 



acetone (relative dielectric constant: 20.7 (25°C)), 
acetylacetone, methyl ethyl ketone (relative dielectric 
constant: 18,51 (20°C) ) and like ketones; acetonitrile 
(relative dielectric constant: 37.5 (20°C)), 
5 propionitrile (relative dielectric constant: 29.7 (20°C)) / 
butyronitrile (relative dielectric constant: 20.3 (20°C)) / 
isobutyronitrile (relative dielectric constant: 20.4 
<20°C)), benzonitrile (relative dielectric constant: 25.2 
(25°C) ) and like nitriles; formaldehyde, acetaldehyde, 

10 propionaldehyde and like aldehydes; ethylene glycol 

monomethyl ether, ethylene glycol monoethyl ether and 
like alkylene glycol mono alkyl ethers; tetrahydrof uran 
(relative dielectric constant: 7.6 (25°C)) / dioxane 
(relative dielectric constant: 2.2 (25°C) ) and like 

15 ethers, trif luoroethanol, pentaf luoropropanol, 2,2,3,3- 
tetrafluoro propanol and like fluorine alcohols, 
sulfolane (relative dielectric constant: 43.3 (20°C) ) , 
nitromethane (relative dielectric constant: 35.87 (30°C) ) 
and the like. 

20 The relative dielectric constant of water is 

78.3 (25°C). 

The content of HF is about 0.01-50% by weight, 
preferably about 1-5% by weight. 

The water content is not higher than 7 0% by 
25 weight, preferably not higher than 30% by weight, more 



preferably about 0-5% by weight. 

The content of the inorganic acid is about 1- 
99% by weight, preferably about 30-70% by weight. 

The content of the organic acid is about 30- 
99.9% by weight, preferably about 70-99.9% by weight. 

The content of the organic solvent having a 
hetero atom is about 30-99.9% by weight, preferably about 
70-99.9% by weight. 

The content of at least one member selected 
from the group consisting of the inorganic acid, organic 
acid and organic solvent having a hetero atom is about 
30-99.9% by weight, preferably about 70-99.9% by weight. 

The inorganic acid has a pKa at 25 °C of about 2 
or lower, preferably about -5 or lower. 

The relative dielectric constant of the organic 
acid and organic solvent having an hetero atom is 
preferably about 40 or lower, more preferably about 10 or 
lower. 

As the HF is usually used dilute hydrofluoric 
acid (50 wt. % aqueous solution) . However, when the HF 
does not contain water, 100% HF may be also used. 

In case of HC1, HBr and HI, an anhydrous 
etching solution can be prepared by blowing these gases 
through the etching solution. 

Preferable etching solutions of the present 
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invention and their compositions are shown below. 

•HF: IPA : water = 1-10% by weight : 70-99% by weight : 

0-30% by weight 

•HF: acetic acid : water = 0.5-5% by weight : 70-99.5% by 
5 weight : 0-30% by weight 

•HF : HC1 : water = 0.01-5% by weight : 1-36% by weight : 
50-99% by weight 

•HF : nitric acid : water = 0.01-5% by weight : 1-70% by 
weight : 20-99% by weight 
10 -HF: acetone : water - 1-10% by weight : 70-99% by 
weight : 0-30% by weight 

•HF: THF : water = 1-10% by weight : 70-99% by weight : 
0-30% by weight 

•HF: methanol : water - 1-10% by weight : 70-99% by 
15 weight : 0-30% by weight 

•HF: ethanol : water = 1-10% by weight : 70-99% by 

weight : 0-30% by weight 

The etching solution of the invention can be 

suitably used for selectively etching a doped oxide film 
20 of an article to be etched comprising an oxide film (BSG, 

BPSG, etc.) doped with B, P and the like and an undoped 

oxide film such as THOX, TEOS and like. 

In the etching method of the present invention, 

the temperature of the etching solution is about 15-40°C. 
25 Examples of the article to be etched include 



single crystalline silicon wafers, gallium-arsenic wafers 
and like wafers, especially the articles comprising a 
doped oxide film (BSG, BPSG, etc.) and an undoped oxide 
film (THOX, TEOS and like USGs) . 
5 The BSG etch rate of the etching solution of 

the invention is usually about 10-2000 nm/min, preferably 
about 40-500 nm/min. 

The present invention can provide an etching 
solution which can selectively etch films doped with 
10 impurities, such as BSG, BPSG and the like, relative to 

THOX, TEOS and like USG, a method for producing an etched 
article using the etching solution and an etched article. 
REST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be explained in more 
15 detail with referring to Examples and Comparative 
Examples below . 

Examples 1-2 and Comparative Examples 1-4 (inorganic 
acid) 

Etching solutions were prepared by mixing HF, 
20 water, an organic solvent having a hetero atom (isopropyl 
alcohol (IPA), THF, acetone, methanol, ethanol) , an 
organic acid (acetic acid) and inorganic acid (HC1, HNO3) 
in the ratios shown in Table 1. Test substrates were 
produced by forming each of a thermal oxide (THOX) film, 
25 USG (TEOS) film, boron silicate glass (BSG) film and 
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boron phosphosilicate glass (BPSG) film on a silicon 
substrate by CVD method using a tetraethoxysilane gas. 
The etch rate and etch selectivity of the etching 
solutions on the test substrates were determined. 
5 In addition, the etch rate and selectivity of 

conventional HF-H2O and HF-NH4F-H2O etching solutions 

were determined in the above-mentioned manner as 
Comparative Examples . 

The etch rate was determined by measuring the 
10 thickness of the films before and after etching with an 

Auto EL-III ellipsometer manufactured by Rudolf Research. 

The etch rates of the etching solutions were 
calculated as the difference in thickness of films before 
and after being etched at 25°C divided by etch time. 
15 The results of the etching solutions with each 

composition are shown in Table 1 to Table 8. 

The relative dielectric constant is that of a 
solvent (an organic solvent having a hetero atom or an 
organic acid) + water at 25°C r expressed as a calculated 
20 value of an average of the relative dielectric constants 
of the solvent and water having the particular 
composition. 

Average of relative dielectric constants = 
[78.3 x (percentage by weight of water) + (relative 
25 dielectric constant of solvent at 25 °C) x (percentage by 
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weight of solvent)] / [(percentage by weight of water) + 
(percentage by weight of solvent) ] 
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CLAIMS 

1. An etching solution comprising hydrofluoric 
acid, wherein a ratio of an etch rate of a boron silicate 
glass film (BSG) or boron phosphosilicate glass / an etch 
rate of a thermal oxide film (THOX) at 25 °C is 10 or 
higher . 

2. The etching solution according to claim 1, 
wherein a solvent in the etching solution has a relative 
dielectric constant of 61 or lower. 

3. The etching solution according to claim 1, 
the solution containing at least one member selected from 
the group consisting of an organic acid and an organic 
solvent having a hetero atom. 

4. The etching solution according to claim 1, 
the solution containing (i) water and (ii) at least one 
member selected from the group consisting of an organic 
acid and an organic solvent having a hetero atom, the 
water being contained in a concentration of 70% by weight 
or lower. 

5. The etching solution according to claim 1, 
wherein the weight ratio of HF : isopropyl alcohol : 
water is 0.1-50% by weight : 30-99% by weight : 0-70% by 
weight . 

6. The etching solution according to claim 1, 
wherein the weight ratio of HF : acetic acid : water is 
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0.1-50% by weight : 30-99.9% by weight : 0-70% by weight. 

7. The etching solution according to claim 1, 
wherein the weight ratio of HF : tetrahydrof uran : water 
is 0.1-50% by weight : 30-99.9% by weight : 0-70% by 

5 weight. 

8. The etching solution according to claim 1, 
wherein the weight ratio of HF : acetone : water is 0.1- 
50% by weight : 30-99.9% by weight : 0-70% by weight. 

9- The etching solution according to claim 1, 
10 wherein the weight ratio of HF : methanol : water is 0.1- 
50% by weight : 30-99.9% by weight : 0-70% by weight. 

10. The etching solution according to claim 1, 
wherein the weight ratio of HF : ethanol : water is 0.1- 
50% by weight : 30-99.9% by weight : 0-70% by weight. 
15 11. The etching solution according to claim 1, 

the solution comprising an inorganic acid. 

12. The etching solution according to claim 11, 
wherein the inorganic acid has a pKa value at 25 °C of 2 
or lower. 

20 13. The etching solution according to claim 11, 

wherein the weight ratio of HF : HC1 : water is 0.01-50% 
by weight : 1-36% by weight : 0-99% by weight. 

14. The etching solution according to claim 11, 
wherein the weight ratio of HF : HNO3 : water is 0.01-50% 

25 by weight : 1-70% by weight : 0-99% by weight. 
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15, A method for producing an etched article by 
etching an article to be etched with the etching solution 
as defined in any of claims 1-14. 

16. An etched article which is obtainable by 
the method of claim 15. 
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